We present high speed ULTRACAM photometry of the eclipsing post common envelope binaries DE CVn, GK Vir, NN Ser, QS Vir, RR Cae, RX J2130.6 + 4710, SDSS 0110 + 1326 and SDSS 0303 + 0054 and use these data to measure precise mid-eclipse times in order to detect any period variations. We detect a large (∼ 250 sec) departure from linearity in the eclipse times of QS Vir which Applegate's mechanism fails to reproduce by an order of magnitude. The only mechanism able to drive this period change is a third body in a highly elliptical orbit. However, the planetary/sub-stellar companion previously suggested to exist in this system is ruled out by our data. Our eclipse times show that the period decrease detected in NN Ser is continuing, with magnetic braking or a third body the only mechanisms able to explain this change. The planetary/sub-stellar companion previously suggested to exist in NN Ser is also ruled out by our data. Our precise eclipse times also lead to improved ephemerides for DE CVn and GK Vir. The width of a primary eclipse is directly related to the size of the secondary star and variations in the size of this star could be an indication of Applegate's mechanism or Wilson (starspot) depressions which can cause jitter in the O-C curves. We measure the width of primary eclipses for the systems NN Ser and GK Vir over several years but find no definitive variations in the radii of the secondary stars. However, our data are precise enough (∆R sec /R sec < 10 −5 ) to show the effects of Applegate's mechanism in the future. We find no evidence of Wilson depressions in either system. We also find tentative indications that flaring rates of the secondary stars depend on their mass rather than rotation rates.
INTRODUCTION
Angular momentum loss drives the evolution of close binary stars. For short period systems (< 3 hours) gravitational radiation (Kraft et al. 1962; Faulkner 1971 ) dominates whilst for longer period systems (> 3 hours) a magnetised stellar wind can extract angular momentum, the so called magnetic braking mechanism (Verbunt & Zwaan 1981; Rappaport et al. 1983 ).
In the magnetic braking mechanism, charged particles ⋆ steven.parsons@warwick.ac.uk from the main sequence star are trapped within its magnetised wind and forced to co-rotate with it. By dragging these particles around, the star transfers angular momentum to them slowing down its rotation. In close binaries the rotational and orbital periods have become synchronised meaning that the angular momentum is taken from the binary orbit causing the period to decrease. In the disrupted magnetic braking mechanism this process ceases in very low mass stars (M 0.3M ⊙ ) since they become fully convective and the magnetic field is no longer rooted to the stellar core. One of the great successes of this model is that it can explain the cataclysmic variable period gap (a dearth of sys-tems with periods between 2 and 3 hours) since at periods of around 3 hours the secondary star becomes fully convective and shrinks back to within its Roche lobe stopping mass transfer. During this time the period loss is driven solely by gravitational radiation until the secondary star touches its Roche lobe again at a period of around 2 hours. However, it is still unclear how the angular momentum loss changes over the fully convective boundary (Andronov et al. 2003) .
Accurate eclipse timings can reveal period changes; long term period decreases are the result of angular momentum loss, however, shorter timescale period modulation can be the result of Applegate's mechanism (Applegate 1992) or possible light travel time effects caused by the presence of a third body. In Applegate's mechanism, as one or both component stars go through activity cycles, the outer parts of the stars are subject to a magnetic torque changing the distribution of angular momentum and thus their oblateness. The orbit of the stars are gravitationally coupled to variations in their shape hence the period is altered on the same timescale as the activity cycles. This has the effect of modulating the period with fairly large amplitudes (∆P/P ∼ 10 −5 ) over timescales of decades or longer.
The presence of a third body results in the central binary being displaced over the orbital period of the third body. This delays or advances eclipse times through variations in light travel time. Since the third body can have a large range of orbital periods these effects can happen over a range of timescales. Therefore, accurate eclipse timings of binaries can test theories of angular momentum loss as well as theories of stellar structure and potentially identify low mass companions.
When the more massive member of a binary evolves off the main-sequence it may, depending upon the orbital separation, fill its Roche lobe on either the giant or asymptotic giant branches. This can initiate a dynamically unstable mass transfer to the less massive component. If the latter is unable to accrete the material, a common envelope is formed containing the core of the giant and the companion star. Frictional forces within this envelope cause the two stars to spiral inwards. The ensuing loss of angular momentum expels the common envelope revealing the tightly bound core and companion. The resulting system is known as a Post Common Envelope Binary (PCEB). A small number of these systems are inclined in such a way that, as viewed from Earth, they exhibit eclipses, as the main sequence secondary star passes in front of the white dwarf primary. These deep eclipses allow us to measure precise mid-eclipse times and therefore detect any period variations. PCEBs have the added advantage that they are relatively simple systems and therefore accurate system parameters can be obtained helping to further constrain the mechanisms able to produce period changes.
Here we present high speed ULTRACAM photometry of eight eclipsing PCEBs and use these data to determine accurate and precise mid-eclipse times. We combine these with previous eclipse times to analyse any period variations in these systems.
OBSERVATIONS
ULTRACAM is a high-speed, triple-beam CCD camera ) which can acquire simultaneous readings in the SDSS u' and g' filters and either r', i' or z' filters. Most of our observations use the i' filter in the red arm but on a number of occasions the r' filter was used instead. The z' filter was used once in 2003 May. The data were collected with ULTRACAM mounted as a visitor instrument on the 4.2-m William Herschel Telescope (WHT) or the 8.2-m Very Large Telescope (VLT). A complete log of all ULTRACAM observations of eclipsing PCEBs is given in Table 1 .
In addition to the ULTRACAM data, we obtained photometry of QS Vir using the Meade 12.5 inch telescope at Bronberg Observatory, Pretoria and the 0.84-m telescope at the Observatorio Cerro Armazones using a SBIG ST-10 camera. We also measure eclipse times from ULTRASPEC (Dhillon et al. 2008 ) observations of QS Vir and NN Ser. Table 2 summerises all non-ULTRACAM observations.
For the ULTRACAM data, we windowed the CCD in order to achieve exposure times of 2-3 s which we varied to account for the conditions, with the exception of RX J2130.6 + 4710 for which we used shorter exposure times since it lies only 12 arcsec away from a bright star (HD 204906, V = 8.45 ). We also used shorter exposure times for the bright target DE CVn. The dead time between exposures was ∼ 25 ms.
All of these data were reduced using the ULTRACAM pipeline software. Debiassing, flatfielding and sky background subtraction were performed in the standard way. The source flux was determined with aperture photometry using a variable aperture, whereby the radius of the aperture is scaled according to the FWHM. Variations in observing conditions were accounted for by determining the flux relative to a comparison star in the field of view. The comparison stars used in each run are also listed in Table 1 . Apparent magnitudes and coordinates for each of the comparison stars used are given in Table 3 . As already mentioned RX J2130.6 + 4710 lies close to a bright source and in order to correct for this we used the same procedure as in Maxted et al. (2004) whereby another aperture was placed on the sky at the same distance from the bright star as RX J2130.6 + 4710 and symmetrically located with respect to the diffraction spikes from the bright star. This was used to correct for scattered light from the bright star. We flux calibrated our targets by determining atmospheric extinction coefficients in each of the bands in which we observed and calculated the absolute flux of our targets using observations of standard stars (from Smith et al. 2002) taken in twilight. Using our absorption coefficients we extrapolated all fluxes to an airmass of 0. The systematic error introduced by our flux calibration is < 0.1 mag in all bands.
To correct for extinction differences between our targets and the comparison star we determined the comparison star colours using the same method described above, then determined the colour dependent difference in extinction coefficients for the comparison star and the target using a theoretical extinction vs. colour plot 1 . The additional extinction 
where kT is the extinction coefficient for the target, kC is the extinction coefficient for the comparison and X is the airmass.
LIGHT CURVES
We phase binned all ULTRACAM data for each target using published ephemerides. For light curves with primary eclipses we calculated the observed minus calculated (O-C) eclipse times (see Section 4 for eclipse timings) and adjusted the phase of the light curve accordingly. For those light curves with no primary eclipse, we extrapolated the phase correction from nearby O-C times.
For a given target, data within each phase bin were averaged using inverse variance weights whereby data with smaller errors are given larger weightings; we removed any data affected by flares (see Section 3.1). This results in a set of light curves for each target in each band observed. There are u', g' and i' data for all targets but several have not been observed in the r' band. Figure 1 shows the primary eclipses of those systems observed in all four bands, Figure 2 shows the primary eclipses of those systems observed in the u', g' and i' bands. We also show the light curves of those systems with full orbital coverage.
All of our targets have been studied previously and their basic parameters have been determined. Table 4 lists these general parameters. Here we briefly introduce each system and describe their light curves.
DE CVn
DE CVn (RX J1326.9 + 4532) is a bright (V = 12.8) eclipsing binary consisting of a cool DA white dwarf primary and a M3V red dwarf secondary. It was discovered as an X-ray source by ROSAT (Voges et al. 1999) . The period and eclipse depth were first measured by Robb & Greimel (1997) . The most recent analysis of this system was carried out by van den Besselaar et al. (2007) who determined the system parameters by combining spectroscopic and photometric observations including ULTRACAM data. We include their ULTRACAM data here along with more recent observations.
Our observations of DE CVn focus on the primary eclipse. DE CVn displays large ellipsoidal modulation and regular flaring. Its primary eclipse is shown in Figure 1 . The secondary star dominates towards the red, therefore the i' band primary eclipse is very shallow. Flux calibrated primary eclipses of (left to right) DE CVn, GK Vir, QS Vir and RX J2130.6 + 4710 in (top to bottom) u' band, g' band, r' band and i' band. Light curves were made by phase binning all available eclipses then combining them. Any flares were removed before the light curves were combined with the exception of RX J2130.6 + 4710 in the r' band where there was only one eclipse which featured a flare. Table 4 . Previously determined physical parameters for the eclipsing PCEBs observed with ULTRACAM. Out of ecl g' is the average g' band magnitude of the system out of the primary eclipse. 
Ref. 
GK Vir
GK Vir (PG 1413 + 015) is a faint (V = 17.0) relatively unstudied PCEB with a hot DAO white dwarf primary and a low mass secondary discovered by Green et al. (1978) . Fulbright et al. (1993) combined the photometry from Green et al. (1978) and high resolution spectroscopy to constrain the system parameters. There are no other published observations of this system. 7 primary eclipses of GK Vir have been observed with ULTRACAM since 2002. GK Vir shows a reflection effect with an amplitude of 0.03 mag in the u', 0.04 mag in the g', 0.05 mag in the r' and 0.06 mag in the i' band caused by reprocessed light from the hemisphere of the secondary star facing the white dwarf. No flares have ever been detected in the light curves of GK Vir. Its primary eclipse is shown in Figure 1 .
NN Ser
NN Ser (PG 1550 + 131) contains a hot DAO white dwarf primary with a low mass secondary. It was discovered in the Palomar Green Survey (Green et al. 1982 ) and has been well studied. A period decrease in this system was seen by Brinkworth et al. (2006) . Qian et al. (2009) proposed that NN Ser has a sub-stellar companion based on eclipse timings. A thorough analysis of NN Ser was carried out by Parsons et al. (2010) using the ULTRACAM data presented here in combination with UVES spectroscopy. Here we look in detail at its eclipse times, and include additional data to those presented in Parsons et al. (2010) .
19 primary eclipses of NN Ser have been observed with ULTRACAM since 2002. Observations cover both the primary and secondary eclipses as well as some full orbit light curves. We have not detected any flaring events in over 37 hours of ULTRACAM photometry for NN Ser. u', g' and i' band full orbit light curves are shown in Figure 3 .
QS Vir
QS Vir (EC 13471 − 1258) was discovered in the EdinburghCape faint blue object survey of high galactic latitudes (Kilkenny et al. 1997 ). The DA white dwarf primary has a companion red dwarf that is close to filling its Roche lobe (O'Donoghue et al. 2003) . O'Donoghue et al. (2003) suggested that QS Vir is a hibernating cataclysmic variable. Recently Qian et al. (2010) proposed the existence of a giant planet in this system too by analysing the eclipse timings.
QS Vir was regularly observed with ULTRACAM between 2002 and 2006. Due to its short orbital period, QS Vir has full phase coverage. It shows regular flaring. The primary eclipse light curves are shown in Figure 1 , the i' band eclipse shows a clear gradient across the eclipse caused by the varying brightness of the secondary star across its surface. Figure 4 shows full orbit light curves of QS Vir in the u', g' and r' bands. A small reflection effect is evident in the u' band with an amplitude of 0.3 mag. Ellipsoidal modulation is evident in the g' and r' bands. 
RR Cae
Discovered as a high proper motion object by Luyten (1955) , RR Cae contains a cool DA white dwarf with a low mass companion and has a deep primary eclipse (Krzeminski 1984) . Recently Maxted et al. (2007) used new photometry and spectroscopy to determine the mass and radius of the secondary star to high precision, they also noted a change in the shape of the primary eclipse from night to night. Zuckerman et al. (2003) detected spectacular metal absorption lines from the white dwarf.
RR Cae has only been observed with ULTRACAM twice, the first observation targeted the secondary eclipse, the second targeted the primary eclipse and recorded two. Unfortunately, RR Cae lacks any nearby bright comparison stars so a fairly dim comparison was used which adds some noise to the light curves in Figure 2 particularly in the u' band. RR Cae shows a high level of flaring with flares visible in each of the observations.
RX J2130.6+4710
RX J2130.6 + 4710 was discovered as a soft X-ray source by the ROSAT satellite (Truemper 1982) ; it contains a DA white dwarf primary. Maxted et al. (2004) used mediumresolution spectroscopy and ULTRACAM photometry to determine the system parameters. There have been no subsequent observations of RX J2130.6+4710 with ULTRACAM. However, we include their data here for completeness. Only one observation of SDSS 0110 + 1326 with UL-TRACAM exists. It targeted the primary eclipse as seen in Figure 2 . There is a small flare on the ingress visible in the u' band light curve, it is also present in the g' band light curve though not visible in Figure 2 . SDSS J030308.35+005444.1 SDSS J030308.35+005444.1 (SDSS J030308.36+005443.7 on SIMBAD, henceforth SDSS 0303 + 0054) was also identified as an eclipsing PCEB by Pyrzas et al. (2009) . The DC white dwarf is the most massive white dwarf currently known in an eclipsing PCEB.
SDSS 0303 + 0054 was observed with ULTRACAM in 2007 October, the first run targeted the primary eclipse, the next covered the full orbital period and also covered a flare just after the primary eclipse. The final run again targeted the primary eclipse (though this final run was compromised by poor conditions). The primary eclipses in the u',g' and i' bands are shown in Figure 2 . The full orbit light curves in the same bands are shown in Figure 5 . Ellipsoidal modulation is visible in the i' band, and the u' and g' band light curves show an increase in the flux up to the primary eclipse then a decrease after the eclipse. This is the opposite to what we would expect if there was a reflection effect and implies that the back side of the secondary star is brighter than the side facing the white dwarf. This may be due to the distribution of spots on the secondary star's surface.
Flaring Rates
Since ULTRACAM acquires simultaneous images in three different bands, the identification of flares is straightforward. This is due to the fact that flares generally appear largest in the u' band and become smaller in redder bands. lists the number of flares detected for each system throughout all ULTRACAM observations and the total number of hours each system has been observed for. The range of flaring rates given in Table 5 is the 90% confidence range (5% chance of it being lower or higher, based on Poisson statistics). The ULTRACAM data hint that the flaring rates appear to depend on mass rather than rotation rates. The uncertainty in the flaring rates is a result of the small number of hours that these systems have been observed for. There are several selection effects to consider: flares are easier to see if the white dwarf is cool (faint) and it may be that more massive stars produce brighter flares and so are more visible. It is also possible that flares have been missed, particularly in the fainter systems, if the light curves are particularly noisy. Longer term monitoring of these and similar systems should determine the parameters that dictate flare rates.
O-C DIAGRAMS
We wish to determine mid-eclipse times and scaled secondary star radii (Rsec/a) for every recorded ULTRACAM eclipse. We do this by fitting a binary star model. We are not interested in absolute radii but changes in the secondary stars' radii are of interest hence we set the inclination to 90
• for each system (except NN Ser where the inclination is well known).
For each target we fix the mass ratio (q), the inclination (i), the white dwarf temperature (TWD) and the linear limb darkening coefficients for both the white dwarf and the secondary star. The mass ratio and white dwarf temperature are taken from previous studies of each system. The linear limb darkening coefficients are set to 0.2 for each star (except NN Ser for which these are fairly well known, Parsons et al. 2010) . By setting the inclination to 90
• , the measured scaled radii are not true radii but represent lower limits on the scaled radius of the secondary star and upper limits on the scaled radius of the white dwarf. This will not affect variations in the radius of the secondary star.
We initially fitted all the eclipses allowing the two scaled radii, the mid-eclipse time and the temperature of the secondary to vary. The code we used to fit the light curves was designed to produce models for the general case of binaries containing a white dwarf . From these fits we determined the mid-eclipse times, we then refitted all the eclipses keeping the white dwarf scaled radius fixed at the variance weighted average value from the previous fits. We checked each eclipse fit to ensure a good fit, Figure 6 shows a model fit to an eclipse of GK Vir. For eclipses that have been distorted by the effects of flares we do not determine radii and if the flare significantly affects the eclipse we do not use the mid-eclipse time in our period change analysis. Some of our systems also show a gradient in the light curves across the eclipse as seen in Figure 7 for RX J2130.6 + 4710, due to the varying brightness of the secondary star across its surface, we model this by simply adding a linear slope to our fits.
We find that for most of the systems (with the exception of DE CVn and RR Cae) the scaled radius of the white dwarf determined by fitting the primary eclipses increases as the filter becomes redder. This is due to the fact that we fixed the linear limb darkening coefficient of the white dwarf to 0.2 in all filters. In reality, it is likely that the limb darkening of the white dwarf decreases at longer wavelengths (as was found by Parsons et al. (2010) for NN Ser), therefore, as seen here, the fits will over-predict the scaled radius of the white dwarf at longer wavelengths. It is interesting to note that the two systems that do not show this trend (DE CVn and RR Cae) contain very cool white dwarfs. Thus, for cool white dwarfs, changes in wavelength apparently do not affect the linear limb darkening coefficients as much as in hotter white dwarfs.
We correct all our mid-eclipse times to Barycentric Dynamical Time (TDB) and correct for light travel time to the solar system barycentre, thus we use barycentric corrected TDB (BTDB) and list our times in MJD(BTDB). We also convert all previous eclipse times for all our systems to MJD(BTDB) but also list the times in MJD(UTC) and the location of each measurement making corrections to Heliocentric Julian Date (HJD), if required, straightforward. Tables containing all our ULTRACAM eclipse times and secondary star scaled radii, as well as previous eclipse times can be found in the appendix. 
DE CVn
For fitting the primary eclipses in DE CVn we use a mass ratio of q = 0.80 and a white dwarf temperature of TWD = 8000 K taken from van den Besselaar et al. (2007) . Our fits give average white dwarf scaled radii of RWD/a(u') = 0.00674(4), RWD/a(g') = 0.00682(3), RWD/a(r') = 0.00732(9) and RWD/a(i') = 0.0069(3). where the number in parentheses is the 1σ error on the last digit. Table A1 lists the mid-eclipse times (in both UTC and BTDB) and the measured secondary star radius for each filter for each eclipse. We also list older eclipse times for DE CVn in Table A2 which we have barycentrically corrected (we also list the MJD in UTC). Using just the ULTRACAM points we determine the ephemeris for DE CVn as MJD(BTDB) = 52784.054 043(1) + 0.364 139 3156(5)E, where the numbers in parentheses are the statistical errors on the last digits. This ephemeris is suitable for predicting future eclipse times though stochastic variations make it likely that these errors will under-predict the true variation in eclipse times. Figure 8 shows the O-C plot for the eclipse times of DE CVn we have faded those points with larger errors so that any period change is more obvious. Since there are only a few reliable points in the O-C plot we cannot analyse any long term period changes.
GK Vir
For GK Vir we set the mass ratio to q = 0.20 and the white dwarf temperature to TWD = 49000 K (Fulbright et al. 1993) . Our fits give average white dwarf scaled radii of RWD/a(u') = 0.00939(3), RWD/a(g') = 0.00949(1), RWD/a(r') = 0.00955(5) and RWD/a(i') = 0.00961(3). Table A3 lists the mid-eclipse times and the measured secondary star radius for each filter and for each eclipse. We also list older eclipse times for GK Vir in Table A4 from Green et al. (1978) .
NN Ser
In the case of NN Ser we can use precise system parameters hence, we use a mass ratio of q = 0.207, and an inclination of i = 89.6
• , a white dwarf temperature of TWD = 57000 K and linear limb darkening coefficients of 0.125, 0.096, 0.074 and 0.060 for the white dwarf in the u', g', r' and i' bands respectively and -1.44, -0.48, -0.26 and -0.06 for the secondary star in the same bands (Parsons et al. 2010) . From our initial fits we determine the white dwarf scaled radius as RWD/a(u') = 0.02262(14), RWD/a(g') = 0.02264(2), RWD/a(r') = 0.02271(10) and RWD/a(i') = 0.02257(10). Table A5 lists the mid-eclipse times and the measured secondary star radius for each filter and for each eclipse. Many of these eclipses are the same as in Brinkworth et al. (2006) ; our calculated eclipse times for these eclipses are consistent with theirs. We also list other eclipse times for NN Ser in Table A6, this table includes 
QS Vir
For QS Vir we use a mass ratio of q = 0.66 and a white dwarf temperature of TWD = 14000 K from O' Donoghue et al. (2003) , for the r' and i' band eclipses we also fit a slope. From our initial fits we find white dwarf scaled radii of RWD/a(u') = 0.01297(7), RWD/a(g') = 0.01322(5), RWD/a(r') = 0.01370(12) and RWD/a(i') = 0.01502(37). Table A7 lists the eclipse times for QS Vir from the ULTRACAM data, we also list all previous eclipse times in Table A8 . We determine the eclipse times from O'Donoghue et al. (2003) by averaging their mid-ingress and mid-egress times then converting to BTDB; we convert the mid-eclipse times of Qian et al. (2010) from UTC to BTDB. We also list our other eclipse times not observed with UL-TRACAM. For eclipse cycles 43342 and 43362 the observations start during the eclipse therefore we determine the mid-eclipse times by measuring the centre of the egress then applying a correction based on our eclipse model. A minor earthquake occurred during the egress of eclipse cycle 43349 causing the loss of some data, nevertheless enough data were available to determine a mid-eclipse time. We determine O-C times using the linear ephemeris of O'Donoghue et al. 
RR Cae
To fit the two ULTRACAM eclipses of RR Cae we use a mass ratio of q = 0.42 and a white dwarf temperature of TWD = 7540 K taken from Maxted et al. (2007) . Our fits give an average white dwarf scaled radius of RWD/a(u') = 0.01436(18), RWD/a(g') = 0.01448(2) and RWD/a(i') = 0.01433(9).
The new ULTRACAM eclipse times and measured secondary star radii are listed in Table A9 and previous eclipse times are shown in Table A10 . We use the ephemeris of Maxted et al. (2007) MJD(BTDB) = 51522.548 5670(19) + 0.303 703 6366(47)E, to calculate the O-C times for RR Cae.
RX J2130.6+4710
For RX J2130.6 + 4710 we use the parameters of Maxted et al. (2004) namely, q = 1.00 and TWD = 18000 K. We include a slope in the i' band eclipse fits. Our initial fits give white dwarf scaled radii of RWD/a(u') = 0.00768(3), RWD/a(g') = 0.00775(2) and RWD/a(i') = 0.00785(8).
The ULTRACAM eclipse times and secondary star radii measurements of RX J2130.6 + 4710 are shown in Table A11 and other eclipse times in Table A12 . The eclipse observed in 2002 (cycle -716) featured a flare during the egress, hence we do not determine the secondary star's radius for this eclipse. Our ULTRACAM eclipses are the same as in Maxted et al. (2004) and are consistent with their results, though we apply a light travel time correction to their times to put them in MJD(BTDB). We also re-iterate the warning made in Maxted et al. (2004) that all the eclipse times around cycle -1900 may be in error by a few seconds and should not be used to study any long-term period changes.
We use the ephemeris of Maxted et al. (2004) and correct it to MJD(BTDB) MJD(BTDB) = 52785.182 620(2) + 0.521 035 625(3)E.
The O-C times for RX J2130.6 + 4710 give an identical plot to that shown in Maxted et al. (2004) since no additional eclipse times are available. Little can be taken from the O-C times since the current number of eclipse times is still quite sparse, hence additional eclipse times are required before any detailed analysis of the period changes in RX J2130.6+4710 can be made.
SDSS 0110+1326
We use a mass ratio of q = 0.54 and a white dwarf temperature of TWD = 25900 K (Pyrzas et al. 2009 ) to fit the single observed eclipse of SDSS 0110 + 1326. Since there is only one ULTRACAM eclipse we only fit it once determining white dwarf scaled radii of RWD/a(u') = 0.01415(16), RWD/a(g') = 0.01431(4) and RWD/a(i') = 0.01426(15). Table A13 details the ULTRACAM eclipse. We also list previous eclipse times in Table A14 . We calculate the O-C times using the ephemeris of Pyrzas et al. (2009) The ULTRACAM eclipse time is the most accurate published to-date for this system and shows some deviation from the ephemeris, however, given the large errors on those points used to determine the ephemeris, further accurate eclipse times are likely to greatly improve the ephemeris for SDSS 0110 + 1326. Since there is only one precise eclipse time the analysis of any period changes in this system will have to wait until further data are available.
SDSS 0303+0054
For SDSS 0303 + 0054 we adopt a mass ratio of q = 0.28 and a white dwarf temperature of TWD = 8000 K (Pyrzas et al. 2009 ). Our initial fits give white dwarf scaled radii of RWD/a(u') = 0.0093(7), RWD/a(g') = 0.0098(1) and RWD/a(i') = 0.0100(5).
The new ULTRACAM eclipse times and measured secondary star scaled radii are listed in Table A15 , poor conditions led to the loss of data in the u' band during eclipse cycle 3058. We also list all previous eclipse times for SDSS 0303 + 0054 in Table A16 and use the ephemeris of Pyrzas et al. (2009) to determine the O-C times. Our three new eclipse times are the most accurate for this system so far and, given the large uncertainty in the ephemeris, agree well with previous eclipse times. However, the small number of precise eclipse times means that any long term period changes are not yet visible in the data.
DISCUSSION

The period change of QS Vir
The O-C plot for QS Vir is shown in Figure 10 , the eclipse times show a substantial shift after ∼ 20, 000 cycles. Qian et al. (2010) used their new eclipse times together with previous times and fitted a sinusoid to them. This fit is the dotted line in Figure 10 . Clearly our new eclipse times, indicated by arrows, disagree strongly with this fit. Hence we conclude that, as with NN Ser, the proposed planet in QS Vir does not exist.
The eclipse times show a complex behaviour, and to see if this period change could be caused by Applegate's mechanism we measured the maximum period shift as ∼0.05 seconds in ∼2 years (in the region where the O-C times turn, around cycle number 35,000). We use Applegate's equation for the energy required to generate a period change
where Ω dr is the initial differential rotation which we set to zero since we are after the minimum energy required to produce this period change. The star is separated into a shell and a core, I eff = ISI * /(IS + I * ) is the effective moment of inertia where S stands for the shell and * represents the core. We follow the prescription of Applegate (1992) and set the shell mass to MS = 0.1M ⊙ meaning that I eff = 0.5IS = (1/3)MS R 2 * . The change in angular momentum, ∆J, is calculated via
using the mass and radius of the secondary star and orbital separation from O'Donoghue et al. (2003) namely M = 0.51M ⊙ , R = 0.42R ⊙ and a = 1.28R ⊙ . We determine that the minimum energy required to drive the maximum observed period change in QS Vir is 3.0 × 10 40 ergs. The luminosity of the secondary star is given by L = 4πR 2 σT 4 which over the two years supplies 3.5×10 39 ergs, failing by an order of magnitude to explain the observed period change. This is likely to be even worse if we apply the generalised version of Applegate's calculation introduced in Brinkworth et al. (2006) .
Another explanation for the observed shift in eclipse times is a third body. If the third body is in a highly elliptical orbit then for much of its orbit the eclipse times will remain roughly constant but as the third body swings inward the central binary moves towards and away from us quickly resulting in a large, short-lived timing change.
We fit an elliptical orbit to the eclipse times, allowing the ephemeris of QS Vir to change, and determine that a third body with a minimum mass of M sin i ∼ 0.05M ⊙ in a ∼ 14 year orbit with an eccentricity of ∼ 0.9 approximately fits the data, this fit is the dashed line in Figure 10 for an inclination of 90
• Since this system has undergone substantial evolution the existence of a third body in such an orbit is questionable. To see if such an orbit is possible, we must analyse the history of QS Vir. We estimate the minimum progenitor mass of the white dwarf to be ∼ 1.8M ⊙ (Meng et al. 2008) , with a core mass equal to the current white dwarf mass (0.77M ⊙ ). This corresponds to a radius on the asymptotic giant branch (AGB) of ∼ 460R ⊙ (Hurley et al. 2000) . We can calculate the initial separation of the binary from the Eggleton (1983) formula
and setting RL = RAGB, where q = MAGB/M2 and M2 is the mass of the secondary star. This gives an initial binary separation of ai = 4.4 AU. The fit to the eclipse times implies the current semimajor axis of the third body is ∼ 6.4 AU, assuming an adiabatic change in semimajor axis during the mass loss phase of the primary, implies that the semimajor axis of the third body before the common envelope phase was ∼ 3.6 AU. By altering the period of QS Vir a longer period fit can be obtained but it requires a similarly high eccentricity and is a slightly poorer fit, and still results in a very small periapsis separation. Since the eccentricity of the third body should have been little affected by the mass loss (Jeans 1924 ) all these possible orbits cross the orbit of the secondary star meaning that it is unlikely to have survived for the entire main sequence lifetime of the primary. In addition, since the common envelope must have reached out to at least the secondary star, the orbit of this third body would have taken it into the common envelope resulting in a dramatically different orbit to what we now see. It also appears doubtful that the third body formed out of the material in the common envelope. A similar mechanism has been used to explain the creation of planets around pulsars (Lin et al. 1991 ) out of the supernova material. However, the high eccentricity and mass of this object would seem to make creation via such a mechanism unlikely. However, since the dynamics of the system throughout the common envelope phase are subject to large uncertainties, we cannot rule out the existence of this third body and it remains the only mechanism able to produce such a large period variation.
The residuals of the elliptical orbit fit, shown in the bottom panel of Figure 10 , still show considerable structure, but they are at a level consistent with Applegate's mechanism. Further monitoring of the eclipse times may reveal the true nature of this remarkable period change. Qian et al. (2009) proposed the existence of a planet in NN Ser based on eclipse timings. The top panel of Figure 11 shows their sinusoidal fit along with all eclipse times. Our new times, which we indicate with arrows, clearly disagree with the sinusoidal fit, hence we conclude that the third body proposed by Qian et al. (2009) doesn't exist. We fit a linear ephemeris to just the ULTRACAM points, the cen- The period change of NN Ser was analysed by Brinkworth et al. (2006) , who determined that Applegate's mechanism fails to explain the large period change. They determined that if magnetic braking is not cut off below 0.3M ⊙ then it can explain the period change. We use the standard magnetic braking relationship from Rappaport et al. (1983) J ≈ −3.8 × 10
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where m2 and r2 are the secondary star's mass and radius and ω is the angular frequency of rotation of the secondary star. γ is a dimensionless parameter which can have a value between 0 and 4. We determine the angular momentum loss using Equation 5 and the parameters from Parsons et al. (2010), then use this to fit a parabola to the ULTRACAM data points. We use a range of values for γ; for γ = 4 we find that the period change is negligible whilst for γ = 0 the period change is far higher than observed. We also calculated the period change using the relationship given by Verbunt & Zwaan (1981) and for gravitational radiation (Peters 1964) but find that both these methods give a negligible period change. In the context of cataclysmic variable evolution γ = 2 is frequently used (Schreiber & Gänsicke 2003) . For this value we find a good fit to the ULTRA-CAM points, however, this fit passes somewhat above earlier points suggesting γ ∼ 1.8 if this is indeed the explanation. It should be stressed that these relationships are by no means proven but we show them here as a possible explanation for the observed period change. The analysis of our new eclipse times agrees with the conclusions made by Brinkworth et al. (2006) that the only mechanisms able to explain the observed period change in NN Ser are magnetic braking (provided it is not cut off below 0.3M ⊙ ) or perhaps the existence of a third body in a long period orbit around NN Ser.
The period change of RR Cae
The O-C plot for RR Cae is shown in Figure 12 . It shows a roughly sinusoidal variation; in order to see if Applegate's mechanism is able to drive these small period changes, we use a similar analysis to that of QS Vir. The change in period from cycles -5900 to 0 (1.6 × 10 8 sec) is ∼ 0.006 sec. We use the system parameters from Maxted et al. (2007) namely, Msec = 0.182M ⊙ , Rsec = 0.215R ⊙ , a = 1.623R ⊙ and Tsec = 3100 K. In order to drive the observed period change we require ∼ 3.8 × 10 39 ergs. Over the observed time period the secondary star produces ∼ 2.4 × 10 39 ergs which, given the uncertainty in the system parameters and the fact that this is only a rough calculation, demonstrates that Applegate's mechanism is able to explain the observed period change in RR Cae.
It is likely that the eclipse times in RR Cae are being affected by micro-flares that are only visible near the bottom of the primary eclipse. At blue wavelengths these distort the shape of ingress and egress and so produce jitter of up to several seconds in the individual eclipse timings. Further eclipse times may show a descrepancy between the u' band eclipse times and the redder band times.
There is little evidence in the eclipse times of long term period change via angular momentum loss. This is unsurprising given that Maxted et al. (2007) calculated that the period change would be of the order of 5 × 10 −14 <Ṗ /P < 1.4 × 10 −13 depending upon which magnetic braking prescription is used. However, additional precise eclipse times may reveal this change in the future.
Variations in Secondary Star Radii
For the systems GK Vir and NN Ser we have accurate measurements of the secondary star's radius spanning five and six years respectively. The other systems require more measurements before any potential trends can be identified.
A starspot's reduced pressure, density and temperature with respect to its surroundings results in its depression below the surrounding photosphere by several hundreds of kilometres. This effect is known as a Wilson depression. The presence of a Wilson depression on the limb of a secondary star as it occults the primary may cause small changes in the O-C times since it may delay the time of eclipse ingress or advance the time of eclipse egress. Watson & Dhillon (2004) showed that this effect can cause small jitters in the O-C times of up to a few seconds.
A Wilson depression causes a small decrease in the eclipse duration and also displaces the measured centre of the eclipse, hence we would expect that the duration of the eclipse and the jitter in O-C times would be correlated were there Wilson depressions present. For both NN Ser and GK Vir we find no evidence of such a correlation leading us to conclude that the eclipse times of these two systems are not affected by Wilson depressions. The fact that both of the secondary stars in these systems have never shown any flaring events supports this and shows that both these rapidly rotating stars are remarkably quiet.
Applegate's mechanism can also effect the duration of the eclipse since the result of this mechanism is to alter the oblateness of the star. Applegate (1992) calculated that the deformation of the star, ψ, via this mechanism is
where Msec and Rsec are the mass and radius of the secondary star and Ω is its angular velocity. However, since this is the deformation at the sub-stellar point and the poles, inclinations where the primary passes across the face of the secondary between these extremes will result in a smaller observed deformation, hence this represents an upper limit. For NN Ser, using the system parameters of Parsons et al. (2010) gives a deformation of ψ ∼ 10 −3 Rsec. Using the parameters of Fulbright et al. (1993) gives a deformation for GK Vir of ψ ∼ 10 −4 Rsec. Figure 13 shows the variation in secondary star radius for GK Vir and NN Ser over the period of ULTRACAM observations. For GK Vir, the u' band measurements have been offset by -100 cycles and the red band measurements (r' or i' ) by +100 cycles. There does not appear to be any variation in the size of the secondary star. However, the 2007 observations made at the VLT are the last set of points (∼ cycle 34000) and are extremely precise with ∆Rsec/Rsec < 10 −5 . Additional points with precisions of this order might be able to detect changes in the radius of the secondary star as a result of Applegate's mechanism.
For NN Ser, the u' band measurements have been offset by -200 cycles and the red band measurements (r' or i' ) by +200 cycles. The measured secondary star scaled radius appears to show a very slight variation of order the size we would expect from Applegate's mechanism however, the errors are too large to be sure. Additional measurements with the accuracy of the best points might reveal any underlying variations.
The accuracy of these measurements is encouraging and potentially offers us a method of independently verifying Applegate's mechanism. These two systems are particularly useful in this regard as the secondary stars in both systems show no signs of activity. For those systems that do show substantial activity, such as DE CVn, QS Vir, RR Cae and RX J2130.6 + 4710, Wilson depressions may affect the eclipses and this may become evident with additional measurements of the width of eclipses. The deformation induced by Applegate's mechanism is also larger for the stars in these systems hence accurate additional monitoring of these systems may identify this effect. Figure 13 . Measured secondary star scaled radii for GK Vir (left) and NN Ser (right). The black circles are the u' band measurements and have been offset by -100 cycles for GK Vir and -200 cycles for NN Ser. The dark grey squares are the g' band measurements and the light grey triangles are the red band (r' or i' ) measurements and have been offset by +100 cycles for GK Vir and +200 cycles for NN Ser.
Detecting planets in eclipsing compact binaries
Detection of extrasolar planets via timing observations have been successful around pulsars (see for example Ford et al. 2000 and Konacki & Wolszczan 2003) five planets have been confirmed with this method. Recently these methods have been used to study the eclipse times of compact binaries such as PCEBs since the O-C times in these systems will be affected by the presence of any third body. The possibility of sub-stellar components in these systems suggests intriguing questions about both their history as well as the history of the system as a whole.
However, we have shown that the sub-stellar components suggested as the cause of the O-C variations in NN Ser and QS Vir are incompatible with our new eclipse times and hence do not exist. It seems that additional eclipse times invariably disagree with previous sinusoidal fits, hence regularly sampled eclipse times are essential. This is particularly striking in the case of QS Vir where the previously poorly sampled eclipse times between 2002 and 2009 lead Qian et al. (2010) to miss the large deviation from linearity. Similar issues may affect the detection of multiple planets via transit time variations (Watson & Marsh 2010, in press ).
The stability of any additional companions to PCEBs must be studied over the full history of the system. A simple calculation of the orbital configuration of the system before the common envelope phase started will show that some systems cannot have existed during this phase. For example, following the same procedure used to analyse the potential third body found in QS Vir, we take the parameters for the sub-stellar component in NN Ser proposed by Qian et al. (2009) and determine that the semi-major axis of the substellar component before the common envelope phase was ∼ 1.6 AU which was smaller than that of the secondary star (∼ 1.8 AU). Therefore the system could not have evolved to its present configuration since these two objects would have had to have crossed each others path. A similar situation is found for the sub-stellar companion thought to exist in QS Vir.
It may be possible to form planets out of the common envelope material thus getting around some of these evolutionary problems, but this mechanism creates additional problems since the created body must still move to its current location.
In light of these findings, we advise caution when using eclipse times of compact binaries to detect planets. Eclipse times must be regularly sampled over long time periods and the history of any third body must be analysed to check its stability. Reliable detections of third-bodies will unfortunately require many decades of monitoring. We also require better understanding of the other processes that can cause period changes. Confirmation of any proposed planetary companions to these systems must come by other methods (radial velocity variations, planetary transits etc.).
CONCLUSIONS
We have presented high time resolution ULTRACAM light curves for the systems DE CVn, GK Vir, NN Ser, QS Vir, RR Cae, RX J2130.6 + 4710, SDSS 0110 + 1326 and SDSS 0303+0054. By fitting models to all the observed eclipses we were able to determine extremely accurate mid-eclipse times, which we combine with earlier eclipse times to determine any period changes. We found that the conclusions made by Brinkworth et al. (2006) are still true for NN Ser namely, that Applegate's mechanism fails to explain the observed period change but that magnetic braking can, but given the low mass of the secondary star in NN Ser this requires that magnetic braking is not cut off below 0.3M ⊙ raising problems for cataclysmic variable evolution if true. Additionally, we determine that small period variations observed in RR Cae can be generated via Applegate's mechanism.
We detect a 250 second departure from linearity in the eclipse times of QS Vir which is best fit by a combination of a third body (M ∼ 0.05M ⊙ ) in an eccentric orbit and Ap-plegate's mechanism. A simple analysis of the system's past implies that this potential companion would most likely have interacted with the common envelope making the current system arrangement unlikely, however, given the uncertainties involved in the common envelope stage we cannot rule out the existence of this third body. If confirmed, this third body may offer some insight into common envelope evolution. We also detect smaller period variations which can be explained as the result of Applegate's mechanism.
Our eclipse times also show that the two sub-stellar components proposed to exist in NN Ser and QS Vir do not exist. We conclude that great care must be taken when attempting to detect planets in binary systems using eclipse timings. All other period change effects must be taken into account. Regularly sampled, long base lines should be used.
We attempted to detect a variation in the size of the secondary stars in the systems GK Vir and NN Ser. For both systems the measured radii appear consistent throughout. However, the accuracy of our measurements imply that we may be able to detect changes in the size of the stars due to Applegate's mechanism in the future. We find no evidence for Wilson depressions in either of these systems.
Inspection of the ULTRACAM light curves shows that the rate of flaring of the secondary stars is different in each of the systems. The data hint that flaring rates depend more on the mass of the secondary star rather than its rotation rate, even though these are all fast rotators. 
